Extract
Placental transfer and fetal urinary excretion of gentamicin was studied in midtrimester goat and human previable fetuses during constant rate maternal infusion with the drug. Gentamicin was not detected in the serum of any of the goat fetuses, even when maternal serum concentrations ranged from 15.2 pglml to 20.9 pg/ml. However, gentamicin was present in the amniotic fluid of four animals. Gentamicin was also present in fetal urine collected from three animals. In contrast, human fetal central venous serum concentrations of gentamicin were 21-37% of those in maternal serum after constant rate infusion of the mother. In addition, gentamicin was present in human fetal urine in concentrations 2-3 times those in fetal serum. The observed difference in fetal serum concentration of gentamicin between the two species represents a difference in placental permeability to gentamicin and/or a difference in fetal renal clearance of the drug.
Speculation
This study illustrates the inherent danger in extrapolating information obtained from animal studies of placental transfer of drugs to human fetuses, and emphasizes the need to conduct carefully designed, confirmatory studies in human beings. Animal studies are necessary and useful, but information directly applicable to improved understanding and care of the human fetus must necessarily come from corroborative studies involving the human fetal-maternal unit.
Gentamicin, an arninoglycoside antibiotic used t o treat gram-negative bacterial infections during gestation, may cause renal and eighth nerve toxicity if safe concentrations of the drug are exceeded (6) . Hearing loss and abnormalities of veStibular function have been reported in children born of mothers who received streptomycin, a closely related antibiotic, during pregnancy (3, 4, 11) . Von Kobyletzki (8) and Yoshioka and associates (14) demonstrated the presence of gentamicin in cord venous blood of term neonates whose mothers received a single intramuscular injection of the drug before delivery. The present study was designed to investigate the degree of exposure of the human midtrimester fetus to gentamicin and the ability of the fetus to excrete gentamicin during constant rate intravenous infusion of the antibiotic into the mother. Significant differences in concentration of the drug in the human fetus as compared with the goat fetus are described.
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MATERIALS AND METHODS
BIOASSAY
Gentamicin concentration in serum, urine, and amniotic fluid was measured using a disc agar diffusion microbiologic assay with Staphylococcus aureus ATCC 6538P as the test organism. One-half milliliter of a 2-hr culture of S. aureus in brain heart infusion broth, 4 X l o 7 orga$sms/ml, was added to 100 ml Penassay seed agar (15) at 48 after adjusting the agar pH to 7.0 with 0.1 ml 10 N sodium hydroxide. Ten milliliters seeded agar were placed in each 100-mm diameter petri dish and allowed to cool to room temperature. A 30-p1 aliquot of each specimen was placed on a 7-mm diameter Millipore filter disc which was placed on the seeded agar. Six discs were placed on each plate, includinog a 2.5 pg/ml internal standard. Plates were incubated at 37 for 10 hr and the diameter of the zone of inhibition measured under magnification on a dark field colony counter (16) . Standards were made up in the appropriate biological fluid in concentrations of 10, 5, 2.5, 1.25, and 0.625 pg/ml. All assays were run in quadruplicate. Maternal urine samples were diluted 112 with 0.1 M phosphate buffer pH 7.0, before assay. Gentamicin concentration was computed from the standard curve based on a linear relation between the square of the diameter of the zone of bacterial growth inhibition and the log of the concentration of gentamicin. Reproducibility of the method was +lo% at the concentrations measured.
ANIMAL STUDIES
Pregnant goats with known breeding dates were used. During general endotracheal anesthesia, using 0.5% halothane in a mixture of equal parts nitrous oxide and oxygen, the uterus was exposed through a midline abdominal incision. Using method described by Almond and associates (1) the fetal neck was identified by palpation and a purse string suture placed through the uterine wall and fetal skin. An incision was made within the boundary of the suture thereby exposing the fetal jugular vein. A no. 8 French polyethylene catheter was placed in the vein and advanced centrally 8-10 cm into the fetal heart to facilitate sampling of fetal mixed venous blood. A similar catheter was placed in the amnion. The incision was closed in layers and the catheters brought to the exterior of the maternal abdomen. In those experiments in which fetal urine was collected, an incision was made in the fetal suprapubic area, the dome of the fetal urinary bladder was identified, and a polyethylene catheter sutured into the bladder. Experiments were carried out 24 hr after surgery by which time the animals had fully recovered from anesthesia.
The dams were given an intravenous loading dose of 1,2, or lengths ranged from 15 cm to 19 cm and 23 cm to 30 cm, 3 mg gentamicinlKg followed by a 5-or 6-hr constant rate respectively. Placental weights ranged from 107 g to 240 g. infusion based on an excretion rate constant of 0.231 h r -l . Samples of maternal and fetal serum and amniotic fluid were RESULTS obtained at 30 min and then hourly throughout the infusion. In those experiments in which fetal urine was collected, the ANIMAL STUDIES total fetal urine output during the infusion was pooled. Fetal and maternal Po,, Pc02, and pH were measured before beginning and at 180 and 360 min during each experiment. Data were discarded from those experiments in which fatal blood gases indicated fetal distress or death. HUMAN 
STUDIES
Six patients of 18-23 weeks of gestational age were studied. All patients were multiparous, and were scheduled for elective abortion-hysterectomy by physicians not involved in the project. After admission to the hospital, each patient was fully appraised of the study and signed informed consent was obtained. Two to 6 hr before operation each patient received 80 mg gentamicin iv followed by an intravenous infusion of 18.5 mg/hr, based on a gentamicin elimination half-life in serum of 3 hr (9). Maternal venous blood for gentamicin assay was obtained 30 min after the loading dose and hourly during the infusion period.
Using the method described by Morris and associates (lo), the umbilical cord was exteriorized after hysterotomy with the patient under general anesthesia supplemented with halothane to enhance uterine relaxation. Amniotic fluid, cord venous, and maternal common iliac arterial blood samples were obtained; thereupon, the fetus was exteriorized and a central venous blood sample as well as a sample of fetal urine were obtained. The umbilical cord was clamped, cut, and the deadborn fetus was weighed, measured, and necropsied. With the completion of the abortion, a hysterectomy was then accomplished in the usual fashion. The time elapsed between start of the gentamicin infusion and obtaining each sample was recorded.
Gestational age was estimated from the mean growth curve for fetal age developed by Streeter (12) . Fetal weights ranged from 238 g to 5 15 gm. Fetal crown to rump and crown to heal The mean maternal serum concentrations of gentamicin in four animals which received 1 mglkg ranged between 7.5 pg/ml and 10.4 pglml during the infusion period. Mean maternal serum gentamicin concentrations in four animals which were given three mglkg varied between 15.2 pg/ml and 20.9 pglml. A detectable level of gentamicin was not achieved in fetal serum in any of these experiments, even in the presence of high maternal serum concentrations. However, gentamicin was present in amniotic fluid obtained from two animals receiving 1 mglkg and two animals receiving 3 mg/kg from which fetal urine was not collected.
Fetal urine was obtained from four animals of 100 days of gestational age which received 2 mg gentamicinlkg ( Table 1) . Maternal mean serum concentrations ranged from 4.9 t o 6.4 pglml. Gentamicin was not present in detectable concentration in fetal serum, fetal urine, or amniotic fluid in any of these animals.
Fetal urine was collected from three animals of 120 days of gestational age. One animal received 3 mg gentamicinlkg, one animal received 2 mg/kg, and one animal received 1 mg/kg ( Table 2 ). Corresponding maternal mean serum levels were 25.6 pglml, 15.0 pglml, and 7.4 pg/ml, respectively. Gentamicin was not detected in fetal serum nor amniotic fluid of any of the animals. However, gentamicin was present in fetal urine from all three animals in concentrations directly proportional to maternal serum concentrations (Table 2) , which indicated placental transfer of the drug even though detectable concentrations were absent in fetal serum. HUMAN 
Mean serum concentrations of gentamicin in gravid women receiving a loading dose of 80 mg followed by an infusion at 18.5 mglhr ranged from 2.1 pg/ml to 6.2 pglml. The variation in serum concentration probably reflects differences in body weight and renal clearance of gentamicin between individual patients. In contrast to the goat fetuses, gentamicin was present in human fetal central venous serum and cord venous serum in all cases (Table 3) . Fetal central venous serum concentrations of gentamicin were 21-3776 of those in maternal serum. Gentamicin concentration in cord venous serum closely paralleled that in central venous serum in all instances, which indicated equilibration at the time of sampling.
Gentamicin appeared in human fetal urine in concentrations 2-3 times those in fetal serum, which demonstrated the ability of the midtrimester fetal kidney to concentrate and excrete the drug. Amniotic fluid did not contain detectable amounts of gentamicin. Presumably, the fetus did not void during the infusion period. As expected, the antibiotic was present in high concentration in maternal urine. ' Mother given 80 mg loading dose of gentamicin followed by infusion at 18.5 mg/hr.
DISCUSSION of venicillin G in goats also does not correlate well with earlier
Placental transfer of gentamicin across the goat placenta could not be demonstrated by detection of the drug in fetal serum. Placental passage was demonstrated, however, by finding the drug in amniotic fluid or concentrated in fetal urine. Furthermore, gentamicin was present in amniotic fluid only when fetal urine was not collected throughout the sampling period. This indicates the source of gentamicin in amniotic fluid was voided fetal urine.
The presence of gentamicin in urine of goat fetuses of 120 days gestation and absence of drug in urine of 100day-old fetus suggests that placental permability t o gentamicin increases as fetal age advances. This is consistent with the decrease in thickness of the tissue layers interposed between the fetal and maternal circulations which is known t o occur as gestation progresses (1 3) .
The partition of gentamicin between human maternal and midtrimester fetal serum observed in this study is similar t o that reported in term infants by Yoshioka (14) . In addition, we have demonstrated the ability of the midtrimester fetal kidney t o concentrate and excrete the drug. Concentration of tobramycin, an antibiotic which is structurally related t o gentamicin, b y the human midtrimester fetal kidney has been reported recently (2) .
When the maternal level of gentamicin is maintained in the therapeutic range, the serum concentrations observed in the human fetus are well below those associated with eighth nerve and inner ear damage in the mature organism, which leads one t o assume that the chance of producing toxicity in the fetus is quite remote. However, an unanswered question at the present time is whether or not at certain times during gestation the developing organism may be susceptible t o toxicity from a lower concentration of gentamicin than that producing damage in the mature individual. The concentration in the fetus is probably adequate t o provide antimicrobial activity against many of the organisms for which gentamicin may be used.
An important finding in this study is the striking difference between the animal model and the human being with respect t o fetal central venous serum concentration of gentamicin. In contrast t o the goat fetus, the antibiotic reached clinically significant concentrations in human fetal serum and urine when therapeutic concentrations were maintained in maternal serum.
Assuming there is n o significant difference in renal clearance of gentamicin between the goat fetus and human fetus, this observation represents a significant difference between the two species with respect t o placental permeability t o gentamicin. Although placental physiology does not always correlate with variations in anatomy of that organ, a difference in placental transfer of gentamicin is consistent with known gross anatomic and histologic differences between the goat and human placenta (5) . A recently reported study of placental transfer stuhies of placenGl transfer of penicillin in human fetuses at term (7) .
The observed species differences in fetal serum concentration of gentamicin could also be due, at least in part, t o greater renal clearance of gentamicin in the goat fetus as compared with the human fetus. Since the fetal renal clearance of gentamicin cannot be calculated for either species from the available data, the comparative influence of fetal renal clearance on fetal gentamicin concentrations cannot be determined. The acquisition of this type of information from the human fetus would be virtually impossible for technical as well as ethical reasons.
This study illustrates the danger inherent i n extrapolating information obtained from animal models, and emphasizes t h e need t o conduct carefully designed, confirmatory studies in human beings. Many different animal models have been and are presently being used t o study placental transfer of a variety of drugs. Animal studies are necessary and useful. However, information directly applicable t o improved understanding and care of the human fetus must necessarily come from cvrroborative studies involving the human ~etal-ma~;rnal uni,.
SUMMARY
Gentamicin was present in midtrimester human fetal central venous blood, umbilical vein blood, and fetal urine after constant rate intravenous infusion of the antibiotic into t h e mother before elective abortion-hysterectomy. In contrast, n o gentamicin was found in midtrimester fetal goat central venous blood after intravenous infusion of the pregnant goat with gentamicin. However, gentamicin was found in fetal goat urine and amniotic fluid, which indicates placental transfer did occur. The implications of the observed species differences are discussed.
